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ABSTRACT: The objective of this study was the determination of total antioxidant activity, contents of 
vitamin E, sugar and total dry matter in fresh and thermally processed (dried and juiced) tomato fruits 
of different selected tomato lines with the aim to establish the nutritive profile and distinguish superior 
genotypes in order to obtain high-quality final product with more benefit to human health. Content of 
vitamin E, total antioxidant activity, dry matter and total sugars, in fresh and dried fruits (dried in 
parallel hot air dryer at 60 °C, until the final product reached the moisture lower than 10% and in 
tomato juice pasteurized at 100 °C, for 7 minutes) was studied. Comparative trial with 7 genotypes: 
one commercial variety (SP-109) and 6 selected high inbreeding generation lines (SPP, SPSM, SPRZ, 
SPRM-20, S-60 and SPO), was set up. Genotype SPRZ had the highest vitamin E content and total 
antioxidant capacity, both in fresh fruit and after the treatments. Thermal processing by drying at 60°C 
and pasteurization of tomato changed the level of total sugar and dry matter content. Total antioxidant 
activity decreased by drying, comparing to fresh fruit while the level of vitamin E decreased in juice 
pasteurized at high temperature (100 °C). 




Tomato is an important food resource to 
the population of the entire world. This fact 
is confirmed by its world production, which 
is estimated to be about 159 million tons. 
Consumption per capita in Europe is 18 
kg, while in the US is somewhat lower, 8 
kg per capita (USDA, 2008).  
According to some researches, the con-
sumption of fresh and processed tomatoes 
is constantly increasing. The most com-
mon tomato products are different sauces, 
canned tomatoes, juice, ketchup, puree 
etc. Apart from being an important part of 
the diet, tomato fruits are very important 
source of vitamins, minerals and antioxi-
dants that have a positive impact on health 
(Frusciante et al., 2007). 
Chemical composition of tomatoes is ex-
posed to the influence of numerous factors 
such as genetic (variety), environmental 
(light, temperature, mineral nutrition) and 
cultural practices (ripening stage at har-
123
Nenad V. Pavlović et al., The impact of different thermal processing of tomato to its antioxidant activity, vitamin E, dry matter 
and sugar content, Food and Feed Research, 44 (2), 123-132, 2017 
vest, irrigation) (Garcia-Valverde et al., 
2013).  
Antioxidant capacity of tomato lies in the 
large number of present phytochemical 
compounds, as well as in their interaction. 
Due to the composition of phytochemical 
compounds, tomato has high antioxidant 
capacity both fresh and processed. This is 
the reason why tomato is often considered 
to be good for prevention of cancer and 
cardiovascular diseases. Total antioxidant 
capacity of tomato is influenced by many 
factors that take place before and after 
harvest. There are some contradictory re-
sults regarding the influence of processing 
on total antioxidant capacity. These chan-
ges of antioxidant activity in tomato pro-
ducts can be explained by complex and 
wide spectrum of biochemical components 
that can be changed during various kinds 
of processing. Total antioxidant activity of 
tomato consists of 83% of hydrophilic and 
17% of lipophilic component (Kotíková et 
al., 2011, Garcia-Valverde et al., 2013). 
There are several steps during thermal 
and non-thermal industrial processing of 
tomato. Each of these steps was studied 
in detail regarding its impact to total anti-
oxidant potential, in order to precisely 
determine quality factors of final product. 
Parallel with this study it was very im-
portant to conduct a research of iden-
tification of genotypes with high nutritive 
values, that breeders will suggest for com-
mercial use and selection of healthy to-
mato lines (Frusciante et al., 2007). 
Vitamin E is highly appreciated vitamin 
due to its cancer prevention properties 
(Dorais et al., 2007). Vitamin E belongs to 
lipophilic antioxidant fraction of tomato 
fruit. It is present in tomato fruit in two 
forms (α-tocopherol and γ-tocopherol) 
(Abushita et al., 1997). Vitamin E enables 
normal level of photosynthesis when 
tomato plant is highly stressed. Some 
studies imply high level of vitamin E in raw 
tomato (Pék et al., 2014, Abushita et al., 
2000, Seybold et al., 2004).  
Tomato flavor is a complex interaction of 
taste and odor. One of the components 
defining fruit taste is the sugar content. 
Besides that, phenolic acids and minerals 
in fruit impact the total flavor (Kader, 
2008). Sugar content in tomato fruits is a 
result of physiological, metabolic and ge-
netic processes that control the plant 
growth (Baldet et al., 2006, Mounet et al., 
2009, Wang et al., 2009). Its accumulation 
in fruit is important both for nutritive value 
and for taste. Consumers appreciate the 
sweet taste of tomato fruits and the ratio of 
accumulated sugar and total acids deter-
mines the intensity of taste. However, the 
sweet taste is rarely the important criteria 
for selection process, while other criteria 
such as resistance to biotic and abiotic 
stress, firmness, etc. are imposed by pro-
ducers (Shewfelt, 2000). In contemporary 
tomato selection, during last decades of 
20th century, much has been lost regarding 
the taste of tomato by introducing LSL 
gene in selected varieties for fresh con-
sumption and industrial processing (Zdrav-
ković et al., 2010).  
Recently, tomato selection goes toward 
improvement of bioactive components of 
tomato, which puts it among vegetables 
with high nutritive, even medicinal traits. 
Criteria for industrial tomato are different: 
dry matter, sugar content, total acids 
(Bruhn, 2002) for producing high-quality 
raw material for processing with minimum 
energy usage and preservation of biolo-
gically valuable components.  
Tomato is the most common vegetable in 
industrial processing. High level of dry 
matter in tomato fruits is a desirable cha-
racteristic and one of the most important 
criteria in processing industry due to low 
energy usage, which impacts the price of 
the final product (Frusciante et al., 2007, 
Turhan and Veniz, 2009). Content of dry 
matter in tomato is influenced by nu-
merous factors such as characteristics of 
soil, irrigation (Turhan and Veniz, 2009), 
organic and mineral fertilization and espe-
cially important intake of micronutrients, of 
which potassium is the most important. 
The object of research in this study was 
determination of total antioxidant activity, 
content of vitamin E, sugar content and 
total dry matter in fresh and thermally pro-
cessed (dried and juice) fruits of different 
tomato genotypes in order to study nu-
tritive quality and select superior geno-
types. Processing of these genotypes 
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would obtain more quality final product 
with high benefit to human health. 
MATERIAL AND METHOD 
Plant material 
Comparative trial was set up with 7 ge-
notypes, one commercial variety (SP-109) 
and 6 selected lines (SPP, SPSM, SPRZ, 
SPRM-20, S-60 and SPO) of high inbre-
eding generation. The origin of clean lines 
was from different tomato selection pro-
grams for industrial processing. The trial 
was set up with standard procedure for 
growing industrial tomato, in random block 
system with three replications. Mature 
fruits were picked 45 days from fertiliza-
tion when they were fully ripe. 
The content of vitamin E, total antioxidant 
activity, dry matter weight and total sugar 
content, in both fresh and dried fruits 
(dried in parallel hot air dryer at 60 °C,  
until the final product obtains moisture less 
than 10%, (Correia, et al., 2015)) and in 
tomato juice (pasteurization at 100 °C, for 
7 minutes). 
Vitamin E 
Vitamin E content was determined by 
photometric method according to Emme-
rie-Engel, with FeCl3 and α,α'-dipyridyl, 
which is based on the ability of tocopherol 
to reduce Fe3+ in Fe2+ which makes inten-
sively red colored complex with α,α'-
dipyridyl (Trajković et al., 1983). The in-
tensity of color was determined spectro-
photometrically at 520-525 nm. 100 g of 
samples were measured and volume was 
made up to 100 cm3 by absolute ethanol in 
a volumetric flask. 5 cm3 of this solution 
was transferred to a volumetric flask and 
made up to 100 cm3 by absolute ethanol. 
0.5 cm3, 1.0 cm3, 1.5 cm3, 2.0 cm3, 2.5 
cm3, and 3.0 cm3 were taken from the 
diluted sample by pipette. 0.25 cm3 of α,α'-
dipyridyl solution and 0.25 cm3 of FeCl3 
solution were added to each sample. 1 
cm3 of each solution were transferred after 
2 minutes to the test tube, and the extinc-
tion at 520 nm was measured, using 
UV/VIS spectrophotometer.  
A mixture of the reagents used in the 
specified amounts was used in blank ex-
periment. The standard curve was ob-
tained from the values of extinction and 
concentration.  
Total antioxidant activity 
Determination of total antioxidant activity 
by DPPH method was done spectro-
photometrically (Xu et al., 2010). 8 mg of 
DPPH (2,2-diphenyl-1-picrylhydrazyl) were 
dissolved in methanol (100 mL) to give a 
concentration of 80 g/mL. Serial dilutions 
were made from the stock solution (1 
mg/ml) of extract. Solutions (2 ml each) 
were then mixed with DPPH (2 mL) and 
allowed to stand for 30 minutes to any 
reaction occurred, and the absorption was 
measured at 517 nm. Ascorbic acid was 
used as the reference standard and dis-
solved in methanol to make a stock 
solution with the same concentration of 1 
mg/ml. The control sample was prepared 
to contain the same volume, but without 
the test compound or reference antioxi-
dants. 95% percent methanol was used as 
a blank. Three measurements were made. 
Dry matter weight  
The percentage of dry matter was deter-
mined by drying at 105 °C, until constant 
mass was reached. After cooling in the 
desiccator, percentage of dry matter was 
calculated from the mass difference before 
and after drying and the known sample 
mass. The weight of the sample before 
drying was 5.00 g. Three measurements 
were performed. (Cvijović and Aćamović, 
2005). 
Total sugar content 
Total sugar content was determined by 
applying Bertrand method, which is used 
for the  determination of all carbohydrates 
with free hemiacetal groups that can 
reduce Cu2+ metal ions to Cu+ from 
Bertrand I reagent (CuSO4.5H2O), accor-
ding to Cvijović and Aćamović (2005). The 
quantity of copper (I) oxide represents an 
equivalent amount of sugar. Bertrand so-
lution II (Fe2 (SO4) 3) is than added, and 
the resulting precipitate of copper (I) oxide 
is re-transferred to the copper (II) and iron 
(III) is reduced to iron (II). In a more acidic 
environment, iron (II) ions are oxidized 
with KMnO4 to an equivalent amount of 
iron (III), and manganese (VII) is reduced 
to manganese (II). Based on the amount 
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vest, irrigation) (Garcia-Valverde et al., 
2013).  
Antioxidant capacity of tomato lies in the 
large number of present phytochemical 
compounds, as well as in their interaction. 
Due to the composition of phytochemical 
compounds, tomato has high antioxidant 
capacity both fresh and processed. This is 
the reason why tomato is often considered 
to be good for prevention of cancer and 
cardiovascular diseases. Total antioxidant 
capacity of tomato is influenced by many 
factors that take place before and after 
harvest. There are some contradictory re-
sults regarding the influence of processing 
on total antioxidant capacity. These chan-
ges of antioxidant activity in tomato pro-
ducts can be explained by complex and 
wide spectrum of biochemical components 
that can be changed during various kinds 
of processing. Total antioxidant activity of 
tomato consists of 83% of hydrophilic and 
17% of lipophilic component (Kotíková et 
al., 2011, Garcia-Valverde et al., 2013). 
There are several steps during thermal 
and non-thermal industrial processing of 
tomato. Each of these steps was studied 
in detail regarding its impact to total anti-
oxidant potential, in order to precisely 
determine quality factors of final product. 
Parallel with this study it was very im-
portant to conduct a research of iden-
tification of genotypes with high nutritive 
values, that breeders will suggest for com-
mercial use and selection of healthy to-
mato lines (Frusciante et al., 2007). 
Vitamin E is highly appreciated vitamin 
due to its cancer prevention properties 
(Dorais et al., 2007). Vitamin E belongs to 
lipophilic antioxidant fraction of tomato 
fruit. It is present in tomato fruit in two 
forms (α-tocopherol and γ-tocopherol) 
(Abushita et al., 1997). Vitamin E enables 
normal level of photosynthesis when 
tomato plant is highly stressed. Some 
studies imply high level of vitamin E in raw 
tomato (Pék et al., 2014, Abushita et al., 
2000, Seybold et al., 2004).  
Tomato flavor is a complex interaction of 
taste and odor. One of the components 
defining fruit taste is the sugar content. 
Besides that, phenolic acids and minerals 
in fruit impact the total flavor (Kader, 
2008). Sugar content in tomato fruits is a 
result of physiological, metabolic and ge-
netic processes that control the plant 
growth (Baldet et al., 2006, Mounet et al., 
2009, Wang et al., 2009). Its accumulation 
in fruit is important both for nutritive value 
and for taste. Consumers appreciate the 
sweet taste of tomato fruits and the ratio of 
accumulated sugar and total acids deter-
mines the intensity of taste. However, the 
sweet taste is rarely the important criteria 
for selection process, while other criteria 
such as resistance to biotic and abiotic 
stress, firmness, etc. are imposed by pro-
ducers (Shewfelt, 2000). In contemporary 
tomato selection, during last decades of 
20th century, much has been lost regarding 
the taste of tomato by introducing LSL 
gene in selected varieties for fresh con-
sumption and industrial processing (Zdrav-
ković et al., 2010).  
Recently, tomato selection goes toward 
improvement of bioactive components of 
tomato, which puts it among vegetables 
with high nutritive, even medicinal traits. 
Criteria for industrial tomato are different: 
dry matter, sugar content, total acids 
(Bruhn, 2002) for producing high-quality 
raw material for processing with minimum 
energy usage and preservation of biolo-
gically valuable components.  
Tomato is the most common vegetable in 
industrial processing. High level of dry 
matter in tomato fruits is a desirable cha-
racteristic and one of the most important 
criteria in processing industry due to low 
energy usage, which impacts the price of 
the final product (Frusciante et al., 2007, 
Turhan and Veniz, 2009). Content of dry 
matter in tomato is influenced by nu-
merous factors such as characteristics of 
soil, irrigation (Turhan and Veniz, 2009), 
organic and mineral fertilization and espe-
cially important intake of micronutrients, of 
which potassium is the most important. 
The object of research in this study was 
determination of total antioxidant activity, 
content of vitamin E, sugar content and 
total dry matter in fresh and thermally pro-
cessed (dried and juice) fruits of different 
tomato genotypes in order to study nu-
tritive quality and select superior geno-
types. Processing of these genotypes 
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would obtain more quality final product 
with high benefit to human health. 
MATERIAL AND METHOD 
Plant material 
Comparative trial was set up with 7 ge-
notypes, one commercial variety (SP-109) 
and 6 selected lines (SPP, SPSM, SPRZ, 
SPRM-20, S-60 and SPO) of high inbre-
eding generation. The origin of clean lines 
was from different tomato selection pro-
grams for industrial processing. The trial 
was set up with standard procedure for 
growing industrial tomato, in random block 
system with three replications. Mature 
fruits were picked 45 days from fertiliza-
tion when they were fully ripe. 
The content of vitamin E, total antioxidant 
activity, dry matter weight and total sugar 
content, in both fresh and dried fruits 
(dried in parallel hot air dryer at 60 °C,  
until the final product obtains moisture less 
than 10%, (Correia, et al., 2015)) and in 
tomato juice (pasteurization at 100 °C, for 
7 minutes). 
Vitamin E 
Vitamin E content was determined by 
photometric method according to Emme-
rie-Engel, with FeCl3 and α,α'-dipyridyl, 
which is based on the ability of tocopherol 
to reduce Fe3+ in Fe2+ which makes inten-
sively red colored complex with α,α'-
dipyridyl (Trajković et al., 1983). The in-
tensity of color was determined spectro-
photometrically at 520-525 nm. 100 g of 
samples were measured and volume was 
made up to 100 cm3 by absolute ethanol in 
a volumetric flask. 5 cm3 of this solution 
was transferred to a volumetric flask and 
made up to 100 cm3 by absolute ethanol. 
0.5 cm3, 1.0 cm3, 1.5 cm3, 2.0 cm3, 2.5 
cm3, and 3.0 cm3 were taken from the 
diluted sample by pipette. 0.25 cm3 of α,α'-
dipyridyl solution and 0.25 cm3 of FeCl3 
solution were added to each sample. 1 
cm3 of each solution were transferred after 
2 minutes to the test tube, and the extinc-
tion at 520 nm was measured, using 
UV/VIS spectrophotometer.  
A mixture of the reagents used in the 
specified amounts was used in blank ex-
periment. The standard curve was ob-
tained from the values of extinction and 
concentration.  
Total antioxidant activity 
Determination of total antioxidant activity 
by DPPH method was done spectro-
photometrically (Xu et al., 2010). 8 mg of 
DPPH (2,2-diphenyl-1-picrylhydrazyl) were 
dissolved in methanol (100 mL) to give a 
concentration of 80 g/mL. Serial dilutions 
were made from the stock solution (1 
mg/ml) of extract. Solutions (2 ml each) 
were then mixed with DPPH (2 mL) and 
allowed to stand for 30 minutes to any 
reaction occurred, and the absorption was 
measured at 517 nm. Ascorbic acid was 
used as the reference standard and dis-
solved in methanol to make a stock 
solution with the same concentration of 1 
mg/ml. The control sample was prepared 
to contain the same volume, but without 
the test compound or reference antioxi-
dants. 95% percent methanol was used as 
a blank. Three measurements were made. 
Dry matter weight  
The percentage of dry matter was deter-
mined by drying at 105 °C, until constant 
mass was reached. After cooling in the 
desiccator, percentage of dry matter was 
calculated from the mass difference before 
and after drying and the known sample 
mass. The weight of the sample before 
drying was 5.00 g. Three measurements 
were performed. (Cvijović and Aćamović, 
2005). 
Total sugar content 
Total sugar content was determined by 
applying Bertrand method, which is used 
for the  determination of all carbohydrates 
with free hemiacetal groups that can 
reduce Cu2+ metal ions to Cu+ from 
Bertrand I reagent (CuSO4.5H2O), accor-
ding to Cvijović and Aćamović (2005). The 
quantity of copper (I) oxide represents an 
equivalent amount of sugar. Bertrand so-
lution II (Fe2 (SO4) 3) is than added, and 
the resulting precipitate of copper (I) oxide 
is re-transferred to the copper (II) and iron 
(III) is reduced to iron (II). In a more acidic 
environment, iron (II) ions are oxidized 
with KMnO4 to an equivalent amount of 
iron (III), and manganese (VII) is reduced 
to manganese (II). Based on the amount 
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of spent of KMnO4, corresponding amount 
of sugar was read from the table. 
Data analysis 
Genotype differences have been deter-
mined according to ANOVA model for 
random block system, and the significant 
difference was expressed by LSD test. 
Differences among level of bioactive com-
ponents in fresh fruits and products, ratio 
fresh [FW]: dried [D], fresh [FW]: juice [J] 
and dried [D]: juice [J] have been shown 
according to significant differences cal-
culated using the Tukey's test. To test the 
mutual dependency of drying and pasteuri-
zation in relation to fresh fruit, model of li-
near trend (Njegić et al., 1991) was ap-
plied: 
yˆ=a+ bx 
a= ȳ - ẋ · b  
b= ∑ xtyt – n · ẋ · ȳ /∑xt2 – n · ẋ2 
where: 
yˆ = estimated value of dependent variable 
a = regression constant, or Y intercept 
b = regression coefficient, or slope  
x = given value of independent variable  
RESULTS AND DISCUSSION 
Total antioxidant activity (TAA) 
Total antioxidant activity of fresh fruits of 
seven chemically analyzed genotypes 
ranged from 11.04+0.09 mg AA/100g (ge-
notype S-60) to 15.05+0.07 mg AA/100g 
(genotype SPRZ) (Table 1). Statistically 
significant difference for total antioxidant 
activity was calculated (LSD test, p < 
0.001) in fresh and thermally processed 
tomato fruits (dried sample and juice) 
among analyzed genotypes in this ex-
periment. The influence of genotype on 
TAA was also found by Sahlin et al. 
(2004), Gonzalez-Cebrino et al. (2011), 
Garcia-Valverde et al. (2013). Besides the 
influence of genes on TAA, there are other 
factors, such as environmental, ripening 
stages, growing technology, UV-C treat-
ment, etc. (Gonzalez-Cebrino et al., 2011, 
Garcia-Valverde et al., 2013).  
The content of TAA during thermal pro-
cessing (drying and juicing) slightly de-
creased compared to its content in fresh 
fruits of analyzed genotypes. Content of 
TAA in dried fruits ranged from 10.05+0.10 
mg AA/100g and 10.05+0.50 mg AA/100g 
(genotype SPO and SPRM-20) to 
12.20+0.20 mg AA/100g (genotype 
SPRZ). There was a statistically significant 
difference among the content of TAA in 
fresh and dried fruits (Tukey's test, p < 
0.005, Table 1). On the other hand, there 
was no statistically significant difference in 
its level among fresh fruits and juice, as 
well as among dried fruits and juice. TAA 
in sample juice ranged from 10.85+0.15 
mg AA/100g  (genotype SPP) to 
14.97+0.03 mg AA/100g (genotype 
SPRM-20) (Table 3).  
Our results are in accordance with Sahlin 
et al. (2004) who concluded that cooking 
and baking had relatively small impact to 
TAA in tomato, while Dewanto et al. 
(2002) found that during thermal process-
sing of tomato at 88 °C the TAA increased. 
Powell and Bennett, (2002) suggest that 
during processing of tomato, less invasive 
methods should be applied in order to pre-
vent the change of its antioxidant capacity 
in an undesirable direction (loss).  
Vitamin E (Tocopherol) 
The content of vitamin E in analyzed to-
mato genotypes was from 0.21 mg/100g 
FW (genotype S-60) to 0.63 mg/100g FW 
(genotype SPRZ). There was a statistically 
significant difference (LSD test, p < 0.001) 
in vitamin E content in fresh and thermally 
processed fruits among the analyzed 
genotypes.  
Frusciante et al. (2007) found that the 
level of vitamin E in tomato fruits was 
between 0.17-0.62 mg/100g FW, which is 
almost in accordance with values ob-
tainedin this research. Variation of vitamin 
E depending on genotype was found by 
Seybold et al. (2004), Lenucci et al. 
(2006), Maršić et al. (2010), and Zanfini et 
al. (2010).  
Besides the impact of genes, the content 
of vitamin E in tomato fruits is under 
influence of environmental conditions, 
light, ripening stage, stress intensity, irri-
gation and cultivation practice (Abushita et 
al., 2000, Seybold et al., 2004, Pék et al., 
2014). 
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During thermal processing of fruits (drying 
and pasteurization) vitamin E was lost. Its 
level in dried sample ranged from 0.14 
mg/100g FW (genotype S-60) to 0.50 
mg/100g FW (genotype SPRZ). Statis-
tically significant difference (Tukey's test, p 
< 0.005) was determined in its loss only 
between the fresh fruits and juice. Vitamin 
E content in juice spanned from 0.08 
mg/100g FW (genotype S-60) to 0.33 
mg/100g FW (genotype SPRZ) (Table 2). 
Loss of vitamin E during thermal pro-
cessing was also reported by Abushita et 
al. (2000). Wang et al. (2009) found that 
temperatures and duration of thermal pro-
cessing can increase the level of 
tocopherol (160 °C, 20 minutes). The au-
thors explained that there are tempe-
ratures that destroy cell walls causing a 
better release of tocopherol from tomato 
fruits. 
Traits of vitamin E during thermal pro-
cessing were studied by Seybold et al 
(2004). They concluded that during short, 
high temperature treatments, the level of 
vitamin E increased in juice. On the other 
hand, during long lasting treatments with 
high temperatures, the level of vitamin E 
decreased in the product. Lavelli et al. 
(2013) found that the level of tocopherol 
depends on level of drying and water con-
tent in dried product. The general con-
clusion was that hydrophilic antioxidants 
were stable for samples in the glassy 
state, but were unstable for samples in the 
rubbery state. In contrast, the lipophilic 
antioxidants (lycopene and tocopherol) 
were mostly unstable for samples in the 
glassy state. In our research, the level of 
vitamin E slightly decreased in dried 
sample in comparison to fresh fruits, but 
not significantly. If the level of drying was 
determined according to Lavelli et al. 
(2013) than it would be a glassy drying 
phase (Table 2). 
Dry matter weight 
Seven analyzed genotypes of industrial 
tomato in this study showed that the dry 
matter weight in fresh fruits ranged from 
4.25% (genotype SPP) to 5.20% (geno-
type SPSM). Among the analyzed geno-
types there was a statistically significant 
difference in dry matter content both in 
fresh fruits and in final products (dry 
sample and juice) (LSD test, p < 0.001) 
(Table 3). Differences in dry matter con-
tent in different genotypes were reported 
by Turhan and Seniz (2009). In their study, 
dry matter in fresh tomato fruits ranged 
from 3.83% to 7.00%, which is similar to 
the findings from this study. Similar results 
were also found by Majkowska et al. 
(2008). 
After thermal processing of fresh fruits, 
statistically significant difference of dry 
matter content was determined between 
fresh and dried fruits and juice, while there 
was no difference between juice and fresh 
fruits (Tukey's test, p < 0.005). This dif-
ference was high for dried samples and 
ranged from 16.25% (genotypes S-60, 
SPRZ) to 19.05% (genotype SPSM). Koh 
et al. (2010) found no statistical difference 
between fresh tomato and juice processed 
at 100 °C for 5 min, there was no sta-
tistically significant difference, which was 
in accordance with results of Sahlin et al. 
(2004). They studied different ways of 
thermal processing of tomato and found 
that they did not impact the content of total 
dry matter weight.   
Total sugar content 
Total sugar content in fresh fruits of the 
analyzed genotypes ranged from 3.45% 
(genotype SPSM) to 4.25% (genotype 
SPRM-20). Among the analyzed geno-
types there was a statistically significant 
difference in total sugar content between 
fresh and processed (dried and juiced) 
tomato fruits (LSD test, p < 0.001). Ther-
mal processing  (drying, juicing) of tomato 
genotypes in this study showed sta-
tistically significant difference (Tukey's 
test, p < 0.005) among total sugar content 
in fresh and dried fruits and also tomato 
juice (Table 4). 
Ganeva and Pevicharova (2015) in their 
research found that the sugar level ranged 
from 3.01% to 4.73%, depending on ge-
notype, which coincides with the results of 
this study. Turhan and Seniz (2009) 
studied variability of sugar content in dif-
ferent genotypes and found lower values, 
spanning over 1.67%-3.73%. Dependence 
of sugar levels in tomato fruits on ge-
notype was reported by Turhan and Seniz 
(2009) and Gautier et al. (2010). However, 
sugar content is a complex multigene trait, 
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of spent of KMnO4, corresponding amount 
of sugar was read from the table. 
Data analysis 
Genotype differences have been deter-
mined according to ANOVA model for 
random block system, and the significant 
difference was expressed by LSD test. 
Differences among level of bioactive com-
ponents in fresh fruits and products, ratio 
fresh [FW]: dried [D], fresh [FW]: juice [J] 
and dried [D]: juice [J] have been shown 
according to significant differences cal-
culated using the Tukey's test. To test the 
mutual dependency of drying and pasteuri-
zation in relation to fresh fruit, model of li-
near trend (Njegić et al., 1991) was ap-
plied: 
yˆ=a+ bx 
a= ȳ - ẋ · b  
b= ∑ xtyt – n · ẋ · ȳ /∑xt2 – n · ẋ2 
where: 
yˆ = estimated value of dependent variable 
a = regression constant, or Y intercept 
b = regression coefficient, or slope  
x = given value of independent variable  
RESULTS AND DISCUSSION 
Total antioxidant activity (TAA) 
Total antioxidant activity of fresh fruits of 
seven chemically analyzed genotypes 
ranged from 11.04+0.09 mg AA/100g (ge-
notype S-60) to 15.05+0.07 mg AA/100g 
(genotype SPRZ) (Table 1). Statistically 
significant difference for total antioxidant 
activity was calculated (LSD test, p < 
0.001) in fresh and thermally processed 
tomato fruits (dried sample and juice) 
among analyzed genotypes in this ex-
periment. The influence of genotype on 
TAA was also found by Sahlin et al. 
(2004), Gonzalez-Cebrino et al. (2011), 
Garcia-Valverde et al. (2013). Besides the 
influence of genes on TAA, there are other 
factors, such as environmental, ripening 
stages, growing technology, UV-C treat-
ment, etc. (Gonzalez-Cebrino et al., 2011, 
Garcia-Valverde et al., 2013).  
The content of TAA during thermal pro-
cessing (drying and juicing) slightly de-
creased compared to its content in fresh 
fruits of analyzed genotypes. Content of 
TAA in dried fruits ranged from 10.05+0.10 
mg AA/100g and 10.05+0.50 mg AA/100g 
(genotype SPO and SPRM-20) to 
12.20+0.20 mg AA/100g (genotype 
SPRZ). There was a statistically significant 
difference among the content of TAA in 
fresh and dried fruits (Tukey's test, p < 
0.005, Table 1). On the other hand, there 
was no statistically significant difference in 
its level among fresh fruits and juice, as 
well as among dried fruits and juice. TAA 
in sample juice ranged from 10.85+0.15 
mg AA/100g  (genotype SPP) to 
14.97+0.03 mg AA/100g (genotype 
SPRM-20) (Table 3).  
Our results are in accordance with Sahlin 
et al. (2004) who concluded that cooking 
and baking had relatively small impact to 
TAA in tomato, while Dewanto et al. 
(2002) found that during thermal process-
sing of tomato at 88 °C the TAA increased. 
Powell and Bennett, (2002) suggest that 
during processing of tomato, less invasive 
methods should be applied in order to pre-
vent the change of its antioxidant capacity 
in an undesirable direction (loss).  
Vitamin E (Tocopherol) 
The content of vitamin E in analyzed to-
mato genotypes was from 0.21 mg/100g 
FW (genotype S-60) to 0.63 mg/100g FW 
(genotype SPRZ). There was a statistically 
significant difference (LSD test, p < 0.001) 
in vitamin E content in fresh and thermally 
processed fruits among the analyzed 
genotypes.  
Frusciante et al. (2007) found that the 
level of vitamin E in tomato fruits was 
between 0.17-0.62 mg/100g FW, which is 
almost in accordance with values ob-
tainedin this research. Variation of vitamin 
E depending on genotype was found by 
Seybold et al. (2004), Lenucci et al. 
(2006), Maršić et al. (2010), and Zanfini et 
al. (2010).  
Besides the impact of genes, the content 
of vitamin E in tomato fruits is under 
influence of environmental conditions, 
light, ripening stage, stress intensity, irri-
gation and cultivation practice (Abushita et 
al., 2000, Seybold et al., 2004, Pék et al., 
2014). 
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During thermal processing of fruits (drying 
and pasteurization) vitamin E was lost. Its 
level in dried sample ranged from 0.14 
mg/100g FW (genotype S-60) to 0.50 
mg/100g FW (genotype SPRZ). Statis-
tically significant difference (Tukey's test, p 
< 0.005) was determined in its loss only 
between the fresh fruits and juice. Vitamin 
E content in juice spanned from 0.08 
mg/100g FW (genotype S-60) to 0.33 
mg/100g FW (genotype SPRZ) (Table 2). 
Loss of vitamin E during thermal pro-
cessing was also reported by Abushita et 
al. (2000). Wang et al. (2009) found that 
temperatures and duration of thermal pro-
cessing can increase the level of 
tocopherol (160 °C, 20 minutes). The au-
thors explained that there are tempe-
ratures that destroy cell walls causing a 
better release of tocopherol from tomato 
fruits. 
Traits of vitamin E during thermal pro-
cessing were studied by Seybold et al 
(2004). They concluded that during short, 
high temperature treatments, the level of 
vitamin E increased in juice. On the other 
hand, during long lasting treatments with 
high temperatures, the level of vitamin E 
decreased in the product. Lavelli et al. 
(2013) found that the level of tocopherol 
depends on level of drying and water con-
tent in dried product. The general con-
clusion was that hydrophilic antioxidants 
were stable for samples in the glassy 
state, but were unstable for samples in the 
rubbery state. In contrast, the lipophilic 
antioxidants (lycopene and tocopherol) 
were mostly unstable for samples in the 
glassy state. In our research, the level of 
vitamin E slightly decreased in dried 
sample in comparison to fresh fruits, but 
not significantly. If the level of drying was 
determined according to Lavelli et al. 
(2013) than it would be a glassy drying 
phase (Table 2). 
Dry matter weight 
Seven analyzed genotypes of industrial 
tomato in this study showed that the dry 
matter weight in fresh fruits ranged from 
4.25% (genotype SPP) to 5.20% (geno-
type SPSM). Among the analyzed geno-
types there was a statistically significant 
difference in dry matter content both in 
fresh fruits and in final products (dry 
sample and juice) (LSD test, p < 0.001) 
(Table 3). Differences in dry matter con-
tent in different genotypes were reported 
by Turhan and Seniz (2009). In their study, 
dry matter in fresh tomato fruits ranged 
from 3.83% to 7.00%, which is similar to 
the findings from this study. Similar results 
were also found by Majkowska et al. 
(2008). 
After thermal processing of fresh fruits, 
statistically significant difference of dry 
matter content was determined between 
fresh and dried fruits and juice, while there 
was no difference between juice and fresh 
fruits (Tukey's test, p < 0.005). This dif-
ference was high for dried samples and 
ranged from 16.25% (genotypes S-60, 
SPRZ) to 19.05% (genotype SPSM). Koh 
et al. (2010) found no statistical difference 
between fresh tomato and juice processed 
at 100 °C for 5 min, there was no sta-
tistically significant difference, which was 
in accordance with results of Sahlin et al. 
(2004). They studied different ways of 
thermal processing of tomato and found 
that they did not impact the content of total 
dry matter weight.   
Total sugar content 
Total sugar content in fresh fruits of the 
analyzed genotypes ranged from 3.45% 
(genotype SPSM) to 4.25% (genotype 
SPRM-20). Among the analyzed geno-
types there was a statistically significant 
difference in total sugar content between 
fresh and processed (dried and juiced) 
tomato fruits (LSD test, p < 0.001). Ther-
mal processing  (drying, juicing) of tomato 
genotypes in this study showed sta-
tistically significant difference (Tukey's 
test, p < 0.005) among total sugar content 
in fresh and dried fruits and also tomato 
juice (Table 4). 
Ganeva and Pevicharova (2015) in their 
research found that the sugar level ranged 
from 3.01% to 4.73%, depending on ge-
notype, which coincides with the results of 
this study. Turhan and Seniz (2009) 
studied variability of sugar content in dif-
ferent genotypes and found lower values, 
spanning over 1.67%-3.73%. Dependence 
of sugar levels in tomato fruits on ge-
notype was reported by Turhan and Seniz 
(2009) and Gautier et al. (2010). However, 
sugar content is a complex multigene trait, 
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under the influence of physiological, meta-
bolic and genetic processes (Ho and He-
witt, 1986; Baldet et al., 2006; Mounet et 
al., 2009; Wang et al., 2009) and also 
under the environmental influence (Hartl, 
2011). Some genotypes have great gene 
potential for sugars, however its realization 
depends on pre- and postharvest factors. 
The pre-harvest environment factors are 
day length, temperature, irrigation, fertili-
zation etc. (Dorais et al., 2008). Posthar-
vest practices such as harvest time and 
storage conditions impact the sugar profile 
in fruits (Kader, 1986). Crucial condition 
for fruits for industrial processing is a pro-
per harvest time (Reid, 2002). Sugar 
content in fruits is increased in late phases 
of ripening (Carrari et al., 2006), while the 
harvest of non-mature fruits limits the su-
gar content and causes postharvest de-
gradation of starch as a main source of 
carbohydrates (Balibrea et al., 2006). Be-
sides higher accumulation of sugars, 
harvest in later ripening phases is not 
practical since fruits are usually damaged 
and have short shelf life (Reid, 2002; 
Watkins, 2006; Toivonen, 2007), whereby 
the question of economic viability and 
quality of raw material that will be used 
forrefining processes arises. It is a known 
fact that the tomato is a plant with fruits 
that have a climacteric peak in maturation 
process. Therefore the fruits are still con-
tinuing with the accumulation of sugar 
after harvesting (Kays and Paull, 2004). 
Mutual relations in the loss of the tested 
antioxidant complex, vitamin E and total 
sugars in all genotypes after thermal pro-
cessing were evaluated and conclusions 
were drawn. 
Antioxidant complex was lost with thermal 
processing linearly, with the coefficient of 
determination R2=0.8613 (dried-juiced-
fresh fruits). The value of the coefficient R2 
proved the adequacy of linear tendency. It 
was different with the loss of vitamin E 
during processing.  
Table 1.  
Total antioxidant activity (TAA) of various tomato genotypes in fresh, dried and juice sample 
expressed as mg AA/100g  
Tomato 
sample 














SP-109 13.05+0.17 10.27+0.25 12.75+0.20 2.061 FW:D * 
SPP 11.05+0.23 10.34+0.25 10.85+0.15 0.3143 FW:J ns 
SPSM 14.15+0.17 12.05+0.20 14.00+0.05 -1.747 D:J ns 
SPRZ 15.05+0.07 12.20+0.20 14.97+0.03    
SPRM-20 13.25+0.03 10.05+0.50 12.05+0.05    
S-60 11.04+0.09 10.20+0.20 11.00+0.05    
SPO 12.00+0.15 10.05+0.10 11.77+0.10    
LSD0.05 0.447 0.512 0.717    
LSD0.01 0.627 0.717 1.005    
Table 2.  
Vitamin E (Tocopherol) content expressed in mg/100g FW of various tomato genotypes in fresh, dried 
and juice sample 
Tomato 
sample 












SP-109 0.44+0.03 0.31+0.02 0.22+0.03 0.1286 FW:D ns 
SPP 0.25+0.01 0.15+0.05 0.09+0.06 0.2086 FW:J * 
SPSM 0.52+0.06 0.35+0.06 0.28+0.05 0.08 D:J ns 
SPRZ 0.63+0.05 0.50+0.01 0.33+0.09    
SPRM-20 0.47+0.03 0.28+0.08 0.24+0.01    
S-60 0.21+0.02 0.14+0.02 0.08+0.07    
SPO 0.32+0.01 0.21+0.01 0.14+0.06    
LSD0.05 0.042 0.034 0.041    
LSD0.01 0.058 0.048 0.057    
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Table 3. 
Dry matter weight (%) of various tomato genotypes in fresh, dried and juice sample 
Tomato 
sample 












SP-109 4.70+0.02 18.25+0.04 3.70+0.05 -12.82 FW:D ** 
SPP 4.25+0.09 18.05+0.05 3.78+0.04 0.3286 FW:J ns 
SPSM 5.20+0.07 19.05+0.07 4.98+0.08 13.15 D:J ** 
SPRZ 4.55+0.03 16.25+0.04 4.20+0.09    
SPRM-20 4.78+0.05 18.05+0.02 4.64+0.05    
S-60 4.95+0.05 16.25+0.07 4.88+0.03    
SPO 4.75+0.01 17.00+0.01 4.70+0.02    
LSD0.05 0.034 0.740 0.220    
LSD0.01 0.06 1.037 0.308    
 
Table 4. 
Total sugar content (%) of various tomato genotypes in fresh, dried and juice sample 
Tomato 
sample 
Total sugar content (%) 
 Tukey's test Ratio FW:D:J 
Significant 






SP-109 3.89+0.01 10.01+0.04 3.80+0.08 -5.829 FW:D ** 
SPP 4.05+0.03 10.60+0.01 4.00+0.06 0.08 FW:J ns 
SPSM 3.45+0.09 8.66+0.06 3.35+0.02 5.909 D:J ** 
SPRZ 4.05+0.07 10.38+0.03 4.00+0.02    
SPRM-20 4.25+0.03 8.74+0.02 4.25+0.09    
S-60 4.05+0.01 9.63+0.01 4.00+0.08    
SPO 3.92+0.07 10.44+0.05 3.70+0.01    
LSD0.05 0.582 1.570 0.093    
LSD0.01 0.816 2.202 0.131    
 
Figure 1. Mutual impact of drying and juicing with pasteurization on the changes of antioxidant 




Obtaining quality in the final product is clo-
sely linked with the quality of raw material, 
i.e. fresh fruits. This study indicated that 
the total antioxidant activity, vitamin E, su-
gar and total dry matter content depended 
on the selected varieties. Thermal proces-
  
 
A B C 
128
Nenad V. Pavlović et al., The impact of different thermal processing of tomato to its antioxidant activity, vitamin E, dry matter 
and sugar content, Food and Feed Research, 44 (2), 123-132, 2017 
under the influence of physiological, meta-
bolic and genetic processes (Ho and He-
witt, 1986; Baldet et al., 2006; Mounet et 
al., 2009; Wang et al., 2009) and also 
under the environmental influence (Hartl, 
2011). Some genotypes have great gene 
potential for sugars, however its realization 
depends on pre- and postharvest factors. 
The pre-harvest environment factors are 
day length, temperature, irrigation, fertili-
zation etc. (Dorais et al., 2008). Posthar-
vest practices such as harvest time and 
storage conditions impact the sugar profile 
in fruits (Kader, 1986). Crucial condition 
for fruits for industrial processing is a pro-
per harvest time (Reid, 2002). Sugar 
content in fruits is increased in late phases 
of ripening (Carrari et al., 2006), while the 
harvest of non-mature fruits limits the su-
gar content and causes postharvest de-
gradation of starch as a main source of 
carbohydrates (Balibrea et al., 2006). Be-
sides higher accumulation of sugars, 
harvest in later ripening phases is not 
practical since fruits are usually damaged 
and have short shelf life (Reid, 2002; 
Watkins, 2006; Toivonen, 2007), whereby 
the question of economic viability and 
quality of raw material that will be used 
forrefining processes arises. It is a known 
fact that the tomato is a plant with fruits 
that have a climacteric peak in maturation 
process. Therefore the fruits are still con-
tinuing with the accumulation of sugar 
after harvesting (Kays and Paull, 2004). 
Mutual relations in the loss of the tested 
antioxidant complex, vitamin E and total 
sugars in all genotypes after thermal pro-
cessing were evaluated and conclusions 
were drawn. 
Antioxidant complex was lost with thermal 
processing linearly, with the coefficient of 
determination R2=0.8613 (dried-juiced-
fresh fruits). The value of the coefficient R2 
proved the adequacy of linear tendency. It 
was different with the loss of vitamin E 
during processing.  
Table 1.  
Total antioxidant activity (TAA) of various tomato genotypes in fresh, dried and juice sample 
expressed as mg AA/100g  
Tomato 
sample 














SP-109 13.05+0.17 10.27+0.25 12.75+0.20 2.061 FW:D * 
SPP 11.05+0.23 10.34+0.25 10.85+0.15 0.3143 FW:J ns 
SPSM 14.15+0.17 12.05+0.20 14.00+0.05 -1.747 D:J ns 
SPRZ 15.05+0.07 12.20+0.20 14.97+0.03    
SPRM-20 13.25+0.03 10.05+0.50 12.05+0.05    
S-60 11.04+0.09 10.20+0.20 11.00+0.05    
SPO 12.00+0.15 10.05+0.10 11.77+0.10    
LSD0.05 0.447 0.512 0.717    
LSD0.01 0.627 0.717 1.005    
Table 2.  
Vitamin E (Tocopherol) content expressed in mg/100g FW of various tomato genotypes in fresh, dried 
and juice sample 
Tomato 
sample 












SP-109 0.44+0.03 0.31+0.02 0.22+0.03 0.1286 FW:D ns 
SPP 0.25+0.01 0.15+0.05 0.09+0.06 0.2086 FW:J * 
SPSM 0.52+0.06 0.35+0.06 0.28+0.05 0.08 D:J ns 
SPRZ 0.63+0.05 0.50+0.01 0.33+0.09    
SPRM-20 0.47+0.03 0.28+0.08 0.24+0.01    
S-60 0.21+0.02 0.14+0.02 0.08+0.07    
SPO 0.32+0.01 0.21+0.01 0.14+0.06    
LSD0.05 0.042 0.034 0.041    
LSD0.01 0.058 0.048 0.057    
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Table 3. 
Dry matter weight (%) of various tomato genotypes in fresh, dried and juice sample 
Tomato 
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LSD0.01 0.06 1.037 0.308    
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Total sugar content (%) of various tomato genotypes in fresh, dried and juice sample 
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Total sugar content (%) 
 Tukey's test Ratio FW:D:J 
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Obtaining quality in the final product is clo-
sely linked with the quality of raw material, 
i.e. fresh fruits. This study indicated that 
the total antioxidant activity, vitamin E, su-
gar and total dry matter content depended 
on the selected varieties. Thermal proces-
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sing of tomato fruits by drying at 60 °C and 
juicing followed by pasteurization influen-
ced the total sugar and total dry matter 
content. The total antioxidant activity de-
creased during drying in comparison to 
fresh fruits and the content of vitamin E 
was reduced by juicing at higher tempe-
ratures (100 °C). Genotype SPRZ had the 
highest vitamin E content and total antioxi-
dant capacity, both in fresh sample and af-
ter the thermal treatments. Selection of su-
perior genotypes and accumulation of nu-
trients through breeding programs can im-
prove the quality of the final product and 
contribute to its greater “prohealth” poten-
tial and impact. 
ACKNOWLEDGEMENTS 
This study was supported by the Serbian 
Ministry of Education, Science and Tech-
nological Development: Project No. 
TR31059 (Integrating Biotechnology Ap-
proach in Breeding Vegetable Crops for 
Sustainable Agricultural Systems).   
REFERENCES  
 
1. Abushita, A.A., Hebshi, E.A., Daood, H.G., 
Biacs, P.A. (1997). Determination of antioxidant 
vitamins in tomatoes. Food Chemistry, 60, 207-
212. 
2. Abushita, A.A., Daood, H.G., Biacs P.A. (2000). 
Change in carotenoids and antioxidant vitamins 
in tomato as a function of varietal and 
technological factors. Journal of Аgricultural 
and Food Chemistry, 48, 2075–2081. 
3. Baldet, P., Hernould, M., Laporte, F., Mounet, 
F., Just, D., Mouras, A., Chevalier, C., Rothan, 
C. (2006). The expression of cell proliferation-
related genes in early developing flowers is 
affected by a fruit load reduction in tomato 
plants. Journal of Experimental Botany, 57, 
961–970. 
4. Balibrea, M.E., Martinez-Andujar, C., Cuartero, 
J., Bolarin, M.C., Perez-Alfocea, F. (2006). The 
high fruit soluble sugar content in wild 
Lycopersicon species and their hybrids with 
cultivars depends on sucrose import during 
ripening rather than on sucrose metabolism. 
Functional Plant Biology, 33, 279–288. 
5. Bruhn, C.M. (2002). Consumer Issues in Qua-
lity and Safety (3rd ed.), University of California, 
Agricultural and Natural Resources, Oakland. 
6. Carrari, F., Baxter, C., Usadel, B., Urbanczyk-
Wochniak, E., Zanor, M.I., Nunes-Nesi, A., 
Nikiforova, V., Centero, D., Ratzka, A., Pauly, 
M., Sweetlove, L.J., Fernie, A.R. 2006. 
Integrated analysis of metabolite and transcript 
levels reveals the metabolic shifts that underlie 
tomato fruit development and highlight 
regulatory aspects of metabolic network 
behavior. Plant Physiology, 142, 1380–1396.  
7. Correia, A.F.K., Loro, A.C., Zanatta, S., Spoto, 
M.H.F., Vieira, T.M F.S. (2015). Effect of tem-
perature, time, and material thickness on the 
dehydration process of tomato. International 
Journal of Food Science, Article ID 970724, 7 
pages, doi:10.1155/2015/970724. 
8. Cvijović M., Aćamović-Đoković, G. (2005). 
Praktikum iz biohemije, Agronomski fakultet, 
Čačak.  
9. Dewanto, V., Wu, X., Adom K.K., Liu, R.H. 
(2002). Thermal processing enhances the 
nutritional value of tomatoes by increasing total 
antioxidant activity. Journal of Agricultural and 
Food Chemistry, 50, 3010-3014. 
10. Dorais, M., Ehret D.L., Papadopoulos A.P. 
(2008). Tomato (Solanum lycopersicum) health 
components: from the seed to the consumer. 
Phytochemistry Reviews, 7, 231–250. 
11. Frusciante, L., Carli, P. Ercolano, M.R. (2007). 
Antioxidant nutritional quality of tomato. 
Molecular Nutrition & Food Research, 51 (5), 
609–617. 
12. Ganeva, D., Pevicharova G. (2015). Kopnezh 
F1 – New Tomato Hybrid for Fresh Con-
sumption and Processing. Plant Science, LII 
(1), 74-79. 
13. Garcia-Valverde, V., Navarro-Gonzales, I., Gar-
ƈıa-Alonso J., Periago M.J. (2013). Antioxidant 
bioactive compounds in selected industrial 
processing and fresh consumption tomato 
cultivars. Food and Bioprocess Technology, 6 
(2), 391–402. 
14. Gautier, H., Lopez-Lauri, F., Massot, C., Murs-
hed, R., Marty, I., Grasselly, D., Keller, C., Sal-
lanon H., Genard, M. (2010). Impact of ripening 
and salinity on tomato fruit ascorbate content 
and enzymatic activities related to ascorbate 
recycling. Functional Plant Science and Bio-
technology, 4, 66–75. 
15. Gonzalez-Cebrino F., Lozano, M., Ayuso, M.C., 
Bernalte, M.J., Vidal-Aragon M.C., Gonzalez-
Gomez D. (2011). Characterization of tra-
ditional tomato varieties grown in organic con-
ditions. Spanish Journal of Agricultural Re-
search, 9 (2), 444-452.  
16. Hartl, D.L. (2011). Essential Genetics: A Geno-
mics Perspective, 5th Ed., Jones & Bartlett, 
Sudbury, MA. 
17. Ho, L.C., Hewitt, J.D. (1986). Fruit develop-
ment. In The tomato crop. Eds. J.G., Atherton, 
J. Rudich, Chapman and Hall, New York, 201-
240. 
18. Kader, A.A. (1986). Effects of postharvest han-
dling procedures on tomato quality. Ac-
ta Horticulturae, 190, 209–221. 
19. Kader, A.A. (2008). Flavor quality of fruits and 
vegetables.Journal of the Science of Food and 
Agriculture, 88, 1863–1868. 
20. Kays, S.J., Paull R.E. (2004). Metabolic Pro-
cesses in Harvested Products, Exon Press, 
Athens, GA. 
21. Koh, J.H., Kim, Y., Oh, J.H. (2010). Chemical 
characterization of tomato juice fermented with 
Nenad V. Pavlović et al., The impact of different thermal processing of tomato to its antioxidant activity, vitamin E, dry matter 
and sugar content, Food and Feed Research, 44 (2), 123-132, 2017 
bifidobacteria. Journal of Food Science, 75 (5), 
428-432. 
22. Kotíková, Z., Lachman, J., Hejtmánková A., 
Hejtmánková, K. (2011). Determination of anti-
oxidant activity and antioxidant content in to-
mato varieties and evaluation of mutual in-
teractions between antioxidants. LWT – Food 
Science and Technology, 44, 1703–1710. 
23. Lavelli, V., Kerr, W., Sri Harsha, P.S.  (2013). 
Phytochemical stability in dried tomato pulp and 
peel as affected by moisture properties. Journal 
of Agricultural and Food Chemistry, 61 (3), 700-
707. 
24. Lenucci, M.S., Cadinu, D., Taurino M., Piro, G. 
Dalessandro, G. (2006). Antioxidant compo-
sition in cherry and high-pigment tomato cul-
tivars. Journal of Agricultural and Food Che-
mistry, 54, 2606–2613.  
25. Majkowska-Godomska, J., Francke A., Wierz-
bicka B. (2008). Effect of soil substrate on the 
chemical composition of fruit of some tomato 
cultivars grown in an unheated plastic tunnel. 
Journal of Elementology, 13 (2), 261-268. 
26. Maršić, N.K., Sircelj, H., Kastelec, D. (2010). 
Lipophilic antioxidants and some carpometric 
characteristics of fruits often processing tomato 
varieties, grown in different climatic conditions. 
Journal of Agricultural and Food Chemistry, 58, 
390–397. 
27. Mounet, F., Moing, A., Garcia, V., Petit, J., 
Maucourt, M., Deborde, C., Bernillon, S., Le 
Gall, G., Colquhoun M., Defernez, M., Giraudel, 
J.L., Rolin, D., Rothan, C., Lemaire-Chamley, 
M. (2009). Gene and metabolite regulatory net-
work analysis of early developing fruit tissues 
highlights new candidate genes for the control 
of tomato fruit composition and development. 
Plant Physiology, 149, 1505–1528. 
28.   Njegić, R., Žižić, M., Lovrić, M., Pavličić, D. 
(1991). Osnovi starističke analize, III izdanje, 
Savremena administracija, Beograd.  
29. Pék Z., Szuvandzsiev, P., Daood, H., Neményi 
A., Helyes L. (2014). Effect of irrigation on yield 
parameters and antioxidant profiles of pro-
cessing cherry tomato. Central European Jour-
nal of Biology, 9 (4), 383-395. 
30. Powell, A.L.T., Bennett, A.B. (2002). Tomato. In 
Fruit and vegetable biotechnology. Ed. V. Val-
puestra, Woodhead Publisher Limited, Cam-
bridge, England,185-221. 
31. Reid, M.S. (2002). Maturation and maturity 
indices. University of California, Agriculture and 
Natural Resources Publication 3311, Oakland. 
32. Sahlin E., Savage, G.P., Lister, C.E. (2004). 
Investigation of the antioxidant properties of 
tomatoes after processing. Journal of Food 
Composition and Analysis, 17, 635–647. 
33. Seybold, C., Frohlich, K., Bitsch, R., Otto, K., 
Bohm, V. (2004). Changes in contents of 
carotenoids and vitamin E during tomato 
processing. Journal of Agricultural and Food 
Chemistry, 52, 7005-7010. 
34. Shewfelt, R.L. (2000). Consumer friendly 
specifications for a global marketplace. Food 
Australia, 52, 311–314. 
35. Toivonen, P.M.A. (2007). Fruit maturation and 
ripening and their relationship to quality. 
Stewart Postharvest Review, 3, 1–5. 
36. Trajković, J., Baras, J., Mirić, M., Šiler, S. 
(1983). Analiza životnih namirnica, Beograd. 
37. Turhan, A., Veniz, S. (2009). Estimation of cer-
tain chemical constituents of fruits of selected 
tomato genotypes grown in Turkey. African 
Journal of Agricultural Research, 4 (10), 1086-
1092. 
38. (USDA) U.S. Department of Agriculture (2008). 
Economic research service - Tomatoes. Asses-
sed from http://www.ers.usda.gov.    
39. Wang, H., Schauer, N., Usadel, B., Frasse, P., 
Zouine, M., Hernould, M., Latche, A., Pech, 
J.C., Fernie A.R., Bouzayen, M. (2009). Re-
gulatory features underlying pollination-de-
pendent and -independent tomato fruit set 
revealed by transcript and primary metabolite 
profiling. Plant Cell, 21, 1428–1452. 
40. Watkins, C.B. (2006). The use of 1-methyl-
cyclopropene (1-MCP) on fruits and vegetables. 
Biotechnology Advances, 24, 389–409. 
41. Xu, F., Li, L., Huang, X., Cheng, H., Wang, Y., 
Cheng, S. (2010). Antioxidant and antibacterial 
properties of the leaves and stems of Premna 
microphylla. Journal of Medicinal Plants Re-
search, 4 (23), 2544-2550.  
42. Zanfini, A., Corbini, G., la Rosa, C., Dreassi, E. 
(2010). Antioxidant activity of tomato lipophilic 
extracts and interactions between carotenoids 
and tocopherol in synthetic mixtures,” LWT-
Food Science and Technology, 43 (1), 67–72. 
43. Zdravković, J., Pavlović, N., Girek, Z., Zdrav-
ković, M., Cvikić, D. (2010). Characteristics 
important for organic breeding of vegetable 










Nenad V. Pavlović et al., The impact of different thermal processing of tomato to its antioxidant activity, vitamin E, dry matter 
and sugar content, Food and Feed Research, 44 (2), 123-132, 2017 
sing of tomato fruits by drying at 60 °C and 
juicing followed by pasteurization influen-
ced the total sugar and total dry matter 
content. The total antioxidant activity de-
creased during drying in comparison to 
fresh fruits and the content of vitamin E 
was reduced by juicing at higher tempe-
ratures (100 °C). Genotype SPRZ had the 
highest vitamin E content and total antioxi-
dant capacity, both in fresh sample and af-
ter the thermal treatments. Selection of su-
perior genotypes and accumulation of nu-
trients through breeding programs can im-
prove the quality of the final product and 
contribute to its greater “prohealth” poten-
tial and impact. 
ACKNOWLEDGEMENTS 
This study was supported by the Serbian 
Ministry of Education, Science and Tech-
nological Development: Project No. 
TR31059 (Integrating Biotechnology Ap-
proach in Breeding Vegetable Crops for 
Sustainable Agricultural Systems).   
REFERENCES  
 
1. Abushita, A.A., Hebshi, E.A., Daood, H.G., 
Biacs, P.A. (1997). Determination of antioxidant 
vitamins in tomatoes. Food Chemistry, 60, 207-
212. 
2. Abushita, A.A., Daood, H.G., Biacs P.A. (2000). 
Change in carotenoids and antioxidant vitamins 
in tomato as a function of varietal and 
technological factors. Journal of Аgricultural 
and Food Chemistry, 48, 2075–2081. 
3. Baldet, P., Hernould, M., Laporte, F., Mounet, 
F., Just, D., Mouras, A., Chevalier, C., Rothan, 
C. (2006). The expression of cell proliferation-
related genes in early developing flowers is 
affected by a fruit load reduction in tomato 
plants. Journal of Experimental Botany, 57, 
961–970. 
4. Balibrea, M.E., Martinez-Andujar, C., Cuartero, 
J., Bolarin, M.C., Perez-Alfocea, F. (2006). The 
high fruit soluble sugar content in wild 
Lycopersicon species and their hybrids with 
cultivars depends on sucrose import during 
ripening rather than on sucrose metabolism. 
Functional Plant Biology, 33, 279–288. 
5. Bruhn, C.M. (2002). Consumer Issues in Qua-
lity and Safety (3rd ed.), University of California, 
Agricultural and Natural Resources, Oakland. 
6. Carrari, F., Baxter, C., Usadel, B., Urbanczyk-
Wochniak, E., Zanor, M.I., Nunes-Nesi, A., 
Nikiforova, V., Centero, D., Ratzka, A., Pauly, 
M., Sweetlove, L.J., Fernie, A.R. 2006. 
Integrated analysis of metabolite and transcript 
levels reveals the metabolic shifts that underlie 
tomato fruit development and highlight 
regulatory aspects of metabolic network 
behavior. Plant Physiology, 142, 1380–1396.  
7. Correia, A.F.K., Loro, A.C., Zanatta, S., Spoto, 
M.H.F., Vieira, T.M F.S. (2015). Effect of tem-
perature, time, and material thickness on the 
dehydration process of tomato. International 
Journal of Food Science, Article ID 970724, 7 
pages, doi:10.1155/2015/970724. 
8. Cvijović M., Aćamović-Đoković, G. (2005). 
Praktikum iz biohemije, Agronomski fakultet, 
Čačak.  
9. Dewanto, V., Wu, X., Adom K.K., Liu, R.H. 
(2002). Thermal processing enhances the 
nutritional value of tomatoes by increasing total 
antioxidant activity. Journal of Agricultural and 
Food Chemistry, 50, 3010-3014. 
10. Dorais, M., Ehret D.L., Papadopoulos A.P. 
(2008). Tomato (Solanum lycopersicum) health 
components: from the seed to the consumer. 
Phytochemistry Reviews, 7, 231–250. 
11. Frusciante, L., Carli, P. Ercolano, M.R. (2007). 
Antioxidant nutritional quality of tomato. 
Molecular Nutrition & Food Research, 51 (5), 
609–617. 
12. Ganeva, D., Pevicharova G. (2015). Kopnezh 
F1 – New Tomato Hybrid for Fresh Con-
sumption and Processing. Plant Science, LII 
(1), 74-79. 
13. Garcia-Valverde, V., Navarro-Gonzales, I., Gar-
ƈıa-Alonso J., Periago M.J. (2013). Antioxidant 
bioactive compounds in selected industrial 
processing and fresh consumption tomato 
cultivars. Food and Bioprocess Technology, 6 
(2), 391–402. 
14. Gautier, H., Lopez-Lauri, F., Massot, C., Murs-
hed, R., Marty, I., Grasselly, D., Keller, C., Sal-
lanon H., Genard, M. (2010). Impact of ripening 
and salinity on tomato fruit ascorbate content 
and enzymatic activities related to ascorbate 
recycling. Functional Plant Science and Bio-
technology, 4, 66–75. 
15. Gonzalez-Cebrino F., Lozano, M., Ayuso, M.C., 
Bernalte, M.J., Vidal-Aragon M.C., Gonzalez-
Gomez D. (2011). Characterization of tra-
ditional tomato varieties grown in organic con-
ditions. Spanish Journal of Agricultural Re-
search, 9 (2), 444-452.  
16. Hartl, D.L. (2011). Essential Genetics: A Geno-
mics Perspective, 5th Ed., Jones & Bartlett, 
Sudbury, MA. 
17. Ho, L.C., Hewitt, J.D. (1986). Fruit develop-
ment. In The tomato crop. Eds. J.G., Atherton, 
J. Rudich, Chapman and Hall, New York, 201-
240. 
18. Kader, A.A. (1986). Effects of postharvest han-
dling procedures on tomato quality. Ac-
ta Horticulturae, 190, 209–221. 
19. Kader, A.A. (2008). Flavor quality of fruits and 
vegetables.Journal of the Science of Food and 
Agriculture, 88, 1863–1868. 
20. Kays, S.J., Paull R.E. (2004). Metabolic Pro-
cesses in Harvested Products, Exon Press, 
Athens, GA. 
21. Koh, J.H., Kim, Y., Oh, J.H. (2010). Chemical 
characterization of tomato juice fermented with 
Nenad V. Pavlović et al., The impact of different thermal processing of tomato to its antioxidant activity, vitamin E, dry matter 
and sugar content, Food and Feed Research, 44 (2), 123-132, 2017 
bifidobacteria. Journal of Food Science, 75 (5), 
428-432. 
22. Kotíková, Z., Lachman, J., Hejtmánková A., 
Hejtmánková, K. (2011). Determination of anti-
oxidant activity and antioxidant content in to-
mato varieties and evaluation of mutual in-
teractions between antioxidants. LWT – Food 
Science and Technology, 44, 1703–1710. 
23. Lavelli, V., Kerr, W., Sri Harsha, P.S.  (2013). 
Phytochemical stability in dried tomato pulp and 
peel as affected by moisture properties. Journal 
of Agricultural and Food Chemistry, 61 (3), 700-
707. 
24. Lenucci, M.S., Cadinu, D., Taurino M., Piro, G. 
Dalessandro, G. (2006). Antioxidant compo-
sition in cherry and high-pigment tomato cul-
tivars. Journal of Agricultural and Food Che-
mistry, 54, 2606–2613.  
25. Majkowska-Godomska, J., Francke A., Wierz-
bicka B. (2008). Effect of soil substrate on the 
chemical composition of fruit of some tomato 
cultivars grown in an unheated plastic tunnel. 
Journal of Elementology, 13 (2), 261-268. 
26. Maršić, N.K., Sircelj, H., Kastelec, D. (2010). 
Lipophilic antioxidants and some carpometric 
characteristics of fruits often processing tomato 
varieties, grown in different climatic conditions. 
Journal of Agricultural and Food Chemistry, 58, 
390–397. 
27. Mounet, F., Moing, A., Garcia, V., Petit, J., 
Maucourt, M., Deborde, C., Bernillon, S., Le 
Gall, G., Colquhoun M., Defernez, M., Giraudel, 
J.L., Rolin, D., Rothan, C., Lemaire-Chamley, 
M. (2009). Gene and metabolite regulatory net-
work analysis of early developing fruit tissues 
highlights new candidate genes for the control 
of tomato fruit composition and development. 
Plant Physiology, 149, 1505–1528. 
28.   Njegić, R., Žižić, M., Lovrić, M., Pavličić, D. 
(1991). Osnovi starističke analize, III izdanje, 
Savremena administracija, Beograd.  
29. Pék Z., Szuvandzsiev, P., Daood, H., Neményi 
A., Helyes L. (2014). Effect of irrigation on yield 
parameters and antioxidant profiles of pro-
cessing cherry tomato. Central European Jour-
nal of Biology, 9 (4), 383-395. 
30. Powell, A.L.T., Bennett, A.B. (2002). Tomato. In 
Fruit and vegetable biotechnology. Ed. V. Val-
puestra, Woodhead Publisher Limited, Cam-
bridge, England,185-221. 
31. Reid, M.S. (2002). Maturation and maturity 
indices. University of California, Agriculture and 
Natural Resources Publication 3311, Oakland. 
32. Sahlin E., Savage, G.P., Lister, C.E. (2004). 
Investigation of the antioxidant properties of 
tomatoes after processing. Journal of Food 
Composition and Analysis, 17, 635–647. 
33. Seybold, C., Frohlich, K., Bitsch, R., Otto, K., 
Bohm, V. (2004). Changes in contents of 
carotenoids and vitamin E during tomato 
processing. Journal of Agricultural and Food 
Chemistry, 52, 7005-7010. 
34. Shewfelt, R.L. (2000). Consumer friendly 
specifications for a global marketplace. Food 
Australia, 52, 311–314. 
35. Toivonen, P.M.A. (2007). Fruit maturation and 
ripening and their relationship to quality. 
Stewart Postharvest Review, 3, 1–5. 
36. Trajković, J., Baras, J., Mirić, M., Šiler, S. 
(1983). Analiza životnih namirnica, Beograd. 
37. Turhan, A., Veniz, S. (2009). Estimation of cer-
tain chemical constituents of fruits of selected 
tomato genotypes grown in Turkey. African 
Journal of Agricultural Research, 4 (10), 1086-
1092. 
38. (USDA) U.S. Department of Agriculture (2008). 
Economic research service - Tomatoes. Asses-
sed from http://www.ers.usda.gov.    
39. Wang, H., Schauer, N., Usadel, B., Frasse, P., 
Zouine, M., Hernould, M., Latche, A., Pech, 
J.C., Fernie A.R., Bouzayen, M. (2009). Re-
gulatory features underlying pollination-de-
pendent and -independent tomato fruit set 
revealed by transcript and primary metabolite 
profiling. Plant Cell, 21, 1428–1452. 
40. Watkins, C.B. (2006). The use of 1-methyl-
cyclopropene (1-MCP) on fruits and vegetables. 
Biotechnology Advances, 24, 389–409. 
41. Xu, F., Li, L., Huang, X., Cheng, H., Wang, Y., 
Cheng, S. (2010). Antioxidant and antibacterial 
properties of the leaves and stems of Premna 
microphylla. Journal of Medicinal Plants Re-
search, 4 (23), 2544-2550.  
42. Zanfini, A., Corbini, G., la Rosa, C., Dreassi, E. 
(2010). Antioxidant activity of tomato lipophilic 
extracts and interactions between carotenoids 
and tocopherol in synthetic mixtures,” LWT-
Food Science and Technology, 43 (1), 67–72. 
43. Zdravković, J., Pavlović, N., Girek, Z., Zdrav-
ković, M., Cvikić, D. (2010). Characteristics 
important for organic breeding of vegetable 










Nenad V. Pavlović et al., The impact of different thermal processing of tomato to its antioxidant activity, vitamin E, dry matter 
and sugar content, Food and Feed Research, 44 (2), 123-132, 2017 
УТИЦАЈ ТЕРМИЧКЕ ОБРАДЕ ПЛОДОВА ПАРАДАЈЗА НА 
АНТИОКСИДАТИВНУ АКТИВНОСТ, САДРЖАЈ ВИТАМИНА Е, СУВЕ 
МАТЕРИЈЕ И УКУПНИХ ШЕЋЕРА 
Ненад В. Павловић*1, Јелена Д. Младеновић2, Радош М. Павловић2, Ђорђе Ж. Моравчевић3,  
Јасмина М. Здравковић1 
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3 Универзитет у Београду, Пољопривредни факултет, Немањина 6, 11080 Земун, Србија 
 
Сажетак: Циљ истраживања је одређивање укупне антиоксидативне активности, садржаја 
витамина Е, садржаја шећера и укупне суве материје у свежим и термички обрађеним (сушени 
плодови и сок) плодовима различитих селекционих линија парадајза, са циљем утврђивања 
нутритивног квалитета и издвајања супериорних генотипова, чијом прерадом би се добио 
квалитетнији крајњи производ са позитивним дејством на људско здравље. Испитивани су 
садржај витамина Е, укупна антиоксидативна активност, сува материја, и укупни садржај 
шећера,  код свежих плодова, сушених плодова (сушење топлим ваздухом на 60 °C, до коначне 
влаге узорка мање од 10%) и сока парадајза (пастеризацијом на 100 °C, у трајању од 7 минута). 
Изведен је компаративни оглед са 7 генотипова, једна комерцијална сорта (СП-109) и 6 
селекционисаних линија (СПП, СПСМ, СПРЗ, СПРМ-20, С-60 И СПО) високих генерација 
инбридинга. Термичка обрада плодова парадајза (сушењем на 60 °C) и прављењем сока 
доводи до промене укупног садржаја шећера и садржаја укупне суве материје. Испитивањем 
укупне антиоксидативне активности утврђено је да се она губи сушењем у односу на свеж плод, 
а садржај витамина Е се смањио у соку који је добијен обрадом на вишим температурама (100  
°C). Генотип SPRZ имао је највише вредности за садржај витамина Е и укупан антиоксидативни 
капацитет како у свежем стању тако и након примењене обраде. Избором супериорних 
генотипова и акумулацијом нутријената кроз оплемењивачке програме, може се побољшати 
квалитет крајњег производа и постићи добијање прерађевина са већим позитивним утицајем на 
здравље људи. 
Кључне речи: парадајз, свеж плод, сушење, пастеризација, антиоксиданси  
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PRESERVATION OF VITAMIN C, LYCOPENE AND CARBOHYDRATE 
CONTENT IN TOMATO DRIED IN A TUNNEL TYPE DRYER 
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ABSTRACT: The aim of this study was to find an optimal way of tomato drying in a tunnel type dryer, 
in order to achieve the lowest possible losses in nutritive value of dried tomato products. Domestic 
variety of tomato (SP-109) was used in this research. Drying was performed in three ways, applying 
five temperature regimes, as follows: cocurrent system (variant 1 at 70-80 oC; variant 2 at 90-75 oC), 
countercurrent system (variant 1 at 55-65 oC, variant 2 at 65-75 oC) and combined system (85-55 oC 
and 55-65 oC). In these systems, the kinetic of changes in nutritive value of tomato fruits was 
monitored by measuring the content of carbohydrates, lycopene and vitamin C. Different influences of 
temperature regimes on nutritive value of dried tomato were observed at the level of statistical 
difference (LSD 0.05; 0.01) in the researched systems. Cocurrent system was statistically significant 
for differences in temperature modes (variant 1 and variant 2). Monitoring of the tomato drying kinetics 
showed that, in all variants, period of constant drying rate lasted about 3.5 h and that the total drying 
was the fastest in parallel cocurrent flow of non-saturated hot air and material. The content of total 
carbohydrates in tomato was dependent on the temperature regime of the tested drying systems. The 
carbohydrate content obtained in tomato samples dried at lower temperatures was higher compared to 
the values observed in the samples dried at higher drying temperatures. Significant losses of vitamin 
C were determined in all drying systems. The lycopene content under all experimental conditions 
generally showed a tendency to decrease slightly. Comparing its content in dry and fresh tomato fruits, 
the loss ranged from 4.94% to 19.98% but did not reach the significant level as the occurrence 
remained below 95% of cases. 





Limited lifetime and senescence of tomato 
fruits is a main problem in tomato mar-
keting. In order to prolong time of tomato 
consummation without significant loss of 
product quality technological processing is 
applied, drying among others. The de-
mand for tomato products is constantly in-
creasing in the world tomato market 
(Verlent et al., 2006). 
The most common tomato drying system 
of a tunnel type are cocurrent and counter-
current hot air directing. Cocurrent system 
means forced movement of the heated 
agents in the direction of the movement of 
products, while in countercurrent system 
directions of hot agent and products are 
opposite. However, due to high moisture 
of its fruits with over 90% of water (Lavelli 
132
